The present study aimed to analyze the clinical characteristics and prognosis-related factors of non-small cell lung cancer (NSCLC) patients with bone metastases at the time of diagnosis. A total of 46 NSCLC patients with skeletal metastases at the time of diagnosis from Anhui Provincial Hospital and Anhui Provincial Cancer Hospital Affiliated to Anhui Medical University (Hefei, China) between February 2010 and February 2012 were investigated retrospectively. The median age was 58 years, with a range of 40-80 years, the ratio of males and females was 2:1, and adenocarcinoma and squamous cell carcinoma accounted for 71.7 and 28.3% of cases, respectively. Furthermore, 84.8% of patients exhibited multiple skeletal metastases at more than two sites and 54.3% of patients experienced skeletal-related events at the time of diagnosis. The median overall survival (OS) time of the patients was 237 days, and Kaplan-Meier analysis demonstrated that patients with adenocarcinoma (P=0.002), single bone metastases (P=0.023), an Eastern Cooperative Oncology Group performance status of 0-1 (P<0.001) or positive expression of estrogen receptor (ER)-β (P=0.039) exhibited significantly longer survival times. Furthermore, multivariate analysis identified the following independent predictors of OS: Tumor subtype (P=0.022), the number of bone metastases (P=0.016) and an ER-β-positive tumor (P=0.035). In the cohort of NSCLC patients with bone metastases at the time of diagnosis, adenocarcinoma and multiple skeletal metastases were most common.
Introduction
Lung cancer is currently the most common and most fatal type of malignant tumor in China (1). The incidence rate of bone metastasis from lung cancer is as high as 30-40% (2). In particular, skeletal metastases acutely affect the quality of life, with one study revealing the median survival time of lung cancer with bone metastases to be only 6-10 months (3). In recent years, extended survival times have been observed in patients with lung cancer following the application of targeted therapeutic agents; however, longer survival is associated with a higher incidence of bone metastases. Non-small cell lung cancer (NSCLC) patients with bone metastases at the time of diagnosis require study, as few reports regarding the clinical characteristics and prognosis of such patients are available. Beattie et al (4) identified lung cancer as a hormone-dependent tumor as early as 1985. It was subsequently determined that the level of estrogen receptor (ER)-β expression in lung cancer was significantly higher compared with that in healthy individuals, and that the expression levels were closely associated with prognosis (5) . However, to the best of our knowledge, no reports have thus far been conducted with regard to the expression of ER-β in NSCLC patients with bone metastases at the time of diagnosis. Therefore, the aim of the present study was to analyze the ER-β expression levels, as well as the clinical and survival characteristics, of 46 cases of NSCLC with bone metastases at the time of diagnosis, and to attempt to associate the current findings with prognostic evaluation and clinical treatment.
Patients and methods
Patients. The present cohort included 57 NSCLC patients exhibiting skeletal metastases at the time of diagnosis, including 41 cases from Anhui Provincial Hospital Affiliated to Anhui Medical University (Hefei, China) and 16 Definition of bone metastases and diagnosis of skeletal-related events (SREs). Bone metastases in NSCLC were defined using the following criteria: i) Pathological diagnosis (n=14), pathological examination was performed with tissues from the metastatic sites; ii) imaging diagnosis (n=46), emission computed tomography (ECT) indicated multiple bone metastases; ECT was positive and confirmed by CT, magnetic resonance imaging or X-ray; ECT was positive and accompanied with clinical symptoms, such as local pain or tenderness, pathological fracture or paraplegia; or positron emission tomography-CT indicated bone metastases; and iii) concurrent pathological and imaging diagnosis (n=14). SREs were defined as a series of events caused by bone metastases of the malignant tumor, including severe bone pain, pathological fracture, spinal cord compression and hypercalcemia.
Therapeutic regimens
Treatment of lung cancer. The predominant treatment strategy was chemotherapy combined with best supportive care due to the advanced stage of the patients upon diagnosis. The first-line chemotherapy regimens administrated were platinum plus gemcitabine/pemetrexed/vinorelbine. Treatment of bone metastases. A minimum of one round of bisphosphonate therapy (one dose per month of zoledronic acid, 4 mg/month). was administered for all patients and analgesics were applied for patients with cancer-associated pain. In addition, local radiotherapy (dose for one patient, 50 Gy) was performed to control pain in 9 patients and surgical fixation was performed in 5 patients.
Im munohistochemistr y. Pa raffin-embedded tissue sections (thickness, 4 µm) of NSCLC were deparaffinized, heated in an oven for 2 h at 60˚C and immunohistochemically stained using immunohistochemistry autostainer (Benchmark XT; Roche Pharmaceutical Ltd., Basel, Switzerland). ER-β kits were purchased from Beijing Bioss Biosynthesis Biotechnology Co., Ltd., (Beijing, China) and positive ER-β staining was indicated by the presence of tan-colored particles in the nucleus or cytoplasm. Positive and negative control tests were used in each experiment; PBS was used as a negative control and ovarian tissue used as the positive control of ER-β expression.
Additional clinical parameters. Age, gender, pathological type, smoking status, the number of bone metastases, SREs, whether other organs metastases existed, Eastern Cooperative Oncology Group (ECOG) performance status score (6) , and serum calcium, carcinoembryonic antigen (CEA) and alkaline phosphatase (ALK) levels were recorded as additional clinical parameters.
Statistical analysis. Survival rates were calculated using the Kaplan-Meier method. Survival time was defined as from the date of diagnosis until the date of mortality, and the median follow-up period was 24 months. The log-rank method was used for univariate analysis and the Cox regression model was used for multivariate analysis, with differences between the groups analyzed by χ 2 test. P<0.05 was considered to indicate a statistically significant difference and all analyses were performed using SPSS software for Windows (version 16.0; SPSS, Inc., Chicago, IL, USA).
Results

Patient characteristics.
The median age of the 46 patients investigated was 58 years (range, 40-80 years) and the gender ratio was 2:1 (male, 31 cases; female, 15 cases). The baseline characteristics of all patients are shown in Table I .
Immunohistochemical results. ER-β-positive expression was identified in the cytoplasm of the cells obtained from the NSCLC patients with bone metastases at the time of diagnosis, as indicated in Fig. 1 . The total ER-β-positive rate was 78.3 and 74.2% in the male and female patients; 78.9 and 77.8% in the patients aged ≥60 and <60 years old; 81.8 and 69.2% in the adenocarcinoma and squamous cell carcinoma cases; 85.7 and 76.9% in the single and multiple bone metastases groups; 79.3 and 76.4% in the patients with other organ metastases and no other metastases; and 73.5 and 91.7% in the normal and elevated ALK groups, respectively. Furthermore, no statistically difference in ER-β-positive expression was identified between each group using the χ 2 test.
Univariate analysis. The median survival time of the patients in the present study was 237 days. Univariate analysis identified that pathological type (P=0.002), the number of bone metastases (P=0.023) and the ECOG score (P<0.001) at the time of diagnosis, and the ER-β expression status (P=0.039) were prognostic factors of NSCLC with bone metastases at the time of diagnosis. Specifically, patients with squamous cell carcinoma, with greater than two sites of bone metastases, an ECOG performance status of 2-4 and an ER-β-negative tumor exhibited a poor prognosis. By contrast, gender, smoking status, position of bone metastases, SREs, other organ metastases, and serum ALK and CEA levels were not significantly correlated with the prognosis of the patients (Table I ; Fig. 2 ). Table I . Clinical characteristics and univariate analysis of 46 non-small cell lung cancer patients with bone metastases at the time of diagnosis.
Overall survival time, days Multivariate analysis. Multivariate analysis for overall survival (OS) revealed that the pathological type (P=0.022), number of skeletal metastases (P=0.016) and ER-β expression status (P=0.035) were independent prognostic factors of NSCLC with bone metastases at the time of diagnosis (Table II ; Fig. 2 ).
Discussion
Adenocarcinoma is the most frequently occurring type of NSCLC and its poor prognosis is associated with the early occurrence of distant metastases, most commonly metastasis to the bones (7). Adenocarcinoma accounted for 71.7% (33/46) of cases in the current clinical analysis. Bone metastases may be more likely to occur in patients with lung adenocarcinoma for the following reasons: i) Adenocarcinoma is often located in the peripheral portions of the lungs, thus, it is positioned to invade the rib bones (8); and ii) adenocarcinoma easily invades the blood and lymphatic vessels due to its infiltrating and destructive growth characteristics, thus increasing the occurrence of distant metastases (9) . Patients presenting with adenocarcinoma lung cancer were determined to exhibit shorter survival times compared with patients presenting with squamous cell carcinoma, as adenocarcinoma is more prone to distant metastases. However, the present study determined the opposite results, as the patients with adenocarcinoma survived significantly longer compared with the patients exhibiting Table II . Multivariate analysis of non-small cell lung cancer patients with bone metastases at the time of diagnosis.
Overall survival ----------------------------------------------------------------------------------------Independent prognostic factor
Odds ratio 95% CI P-value (10) . Lung adenocarcinoma patients are often more sensitive to treatment with epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKI) following the failure of first-line chemotherapy, which may account for the differences in survival (11) . Furthermore, a previous prospective study determined a higher EGFR mutation frequency rate (51.4% overall) in Asian patients exhibiting adenocarcinoma tumors compared with squamous cell carcinoma tumors (12) . In another study, although EGFR mutations were present in cases of lung squamous cell carcinoma, indicating that these patients would receive some benefit from EGFR-TKI treatment, a poorer curative effect was observed in the squamous carcinoma patients compared with the adenocarcinoma patients (13) . Additional studies are required to investigate NCSLC patients with bone metastases at the time of diagnosis who are treated with EGFR-TKI, in order to ensure that such patients receive the optimal treatment regimen. Patients with single bone metastases accounted for 15.2% (7/46) of the present study cohort, and these patients exhibited a significantly longer survival time compared with the patients exhibiting multiple bone metastases (428 vs. 227 days; P=0.023). Furthermore, Cox regression analysis identified that single bone metastases were a good independent prognostic factor (P=0.036; 95% CI, 1.083-9.827), in agreement with the results of a previous study (11) . It has previously been identified that ECOG performance status is an independent prognostic factor for lung cancer patients with bone metastases (14) . In the present study, patients with an ECOG performance status of 0-1 exhibited a significantly longer OS time compared with patients scoring 2-4, according to univariate analysis (P=0.006). However, the ECOG score was not an independent prognostic factor for the NSCLC patients with bone metastases at the time of diagnosis (P>0.05). A poor performance status was determined by the characteristics of NSCLC with bone metastasis at the time of diagnosis, including pain, spinal cord compression and fractures. However, such phenomena demonstrated marked improvement following the application of analgesic therapy, chemotherapy, local radiotherapy or surgical fixation. This was markedly different from the poor performance status caused by cachexia in patients with advanced tumors in the current study.
ER is expressed in lung cancer, however, it is not expressed in healthy lung tissues (4, 15) . This may indicate an association between ER expression and the occurrence of lung cancer, and may provide an opportunity to develop novel antitumor agents for the treatment of NSCLC. The ER includes ER-α, ER-β and ER-γ. ER-β is most commonly expressed in lung cancer and appears to be closely associated with the prognosis of lung cancer patients (16) . Furthermore, estrogen promotes the proliferation of estrogen-dependent tumors, possibly via the following mechanisms (17, 18) : i) Estrogen action leading to tumor growth involves the activation of early response genes, such as c-myc, c-jun and c-fos, promoting DNA synthesis and cell division; ii) estrogen affects cell proliferation by adjusting cell cycle regulatory gene products and growth factors; or iii) estrogen stimulates the expression of growth factors, such as EGF and transforming growth factor-α, and promotes cell proliferation. Aside from these mechanisms, ER-β may play a role in the occurrence and development of lung cancer by interacting with estrogen and then via involvement in the insulin growth factor pathway (19) . In the present study, 78.3% (36/46) of patients expressed ER-β, which was a significantly higher proportion than the 45-69% reported in previous studies (20) . This result may indicate that NSCLC patients with bone metastases at the time of diagnosis tend to express ER-β more often than those without bone metastases. Additional analyses performed in the present study identified that ER-β expression was not associated with age, gender, pathological type, number of bone metastases, the presence of other organ metastases, or serum ALK and CEA levels.
A previous study determined that the expression level of ER-β in adenocarcinoma was significantly higher than that in squamous cell carcinomas (21) , and that the majority of female patients with NSCLC exhibited adenocarcinoma, resulting in greater ER-β expression in females compared with males. However, alternative studies identified that ER-β also exhibited a high expression level in male patients with lung cancer (22) , that ER-β expression was higher in males compared with females (23) , and that no association existed between ER-β expression and gender in patients with NSCLC (24) . Thus, the presence of an association between ER-β expression and gender is inconclusive. In the present study, it was identified that ER-β expression was higher in adenocarcinoma and female patients compared with squamous cell carcinoma and male patients; however, this difference was not statistically significant (P>0.05). This may indicate that gender and tumor type are not associated with the expression of ER-β; however, alternative possibilities cannot be dismissed due to the limited sample size.
In the present study, ER-β expression, as well as histology and the number of bone metastases, were independent prognostic factors of NSCLC patients with bone metastases at time of diagnosis (P=0.035; 95% CI, 0.167-0.939). Kaplan-Meier survival analysis demonstrated that patients with ER-β-positive expression exhibited a significantly longer OS time compared with the ER-β-negative group (P=0.039). It was previously reported that the expression of ER-β may be associated with tumor differentiation, with a higher differentiation grade indicating higher expression of ER-β; thus, ER-β expression could be used to determine prognosis (25) . However, one study proposed that NSCLC patients with negative ER-β expression were at a high risk even if they were at an early clinical stage (26) . Furthermore, lack of ER-β expression was determined to be an independent prognosis marker associated with a shorter OS time (27) . Therefore, ER-β expression levels may be used to determine the prognosis of NSCLC patients with bone metastases at the time of diagnosis.
NSCLC with bone metastasis at the time of diagnosis is an example of late-stage disease, which is associated with a poor prognosis; therefore, the present study identified a median OS time of only 237 days in this group. Platinum-based chemotherapy plus supportive care is currently the most common treatment regimen for this disease; however, its long-term curative effect is not satisfactory and easily produces drug resistance (28) . Hormone therapy has been applied extensively in the treatment of breast cancer and good results have been achieved. Therefore, as with breast cancer, clinicians are attempting to apply hormone therapies in the treatment of NSCLC patients with ER-β-positive expression (29) . Du and Jia (30) identified that hormone therapy may cause NSCLC tumor cells to arrest in the G 0 /G 1 phase of the cell cycle by changing the endocrine environment that is required for the survival of this hormone-dependent tumor, thus improving the symptoms of such patients. The major reason why NSCLC patients with bone metastases at the time of diagnosis were insensitive to chemotherapeutic agents and tended to recur was the resistance of tumor cells to chemotherapy.
Endocrine agents target aberrant signal transduction pathways in ER-positive cancer and are involved in the mechanism of the antitumor effect. However, endocrine agents may also be considered as inhibitory agents for multi-drug resistant strains of cancer by overcoming drug resistance and increasing the sensitivity of chemotherapy. Tamoxifen is currently the most commonly used endocrine agent for the treatment of early and advanced ER-positive breast cancer, and is gradually being applied in the treatment of ER-positive NSCLC. Tamoxifen is considered to exhibit an important antitumor effect by reducing the proportion of matrix metalloproteinase-9/tissue inhibitor of metalloproteinase-1 (31) . A multicenter study conducted by the International Lung Cancer Consortium (32) revealed that oral contraceptives, accepted hormone replacement therapy or a combination of estrogen and progesterone had been demonstrated to reduce the risk of lung cancer. In recent years, endocrine agents have gradually been used in the treatment of NSCLC. Endocrine agents exhibit their antitumor effect by acting in combination with traditional chemotherapeutic agents or targeted antitumor agents. For example, tamoxifen enhances erlotinib-induced cytotoxicity and increases its curative effect in patients with NSCLC (33) . Therefore, estrogen agents combined with chemotherapy may improve the curative effect and tolerance of chemotherapy alone; thus, prolonging the survival time of NSCLC patients with bone metastases at the time of diagnosis.
In conclusion, in the present study, adenocarcinoma was the most common histological type of NSCLC with bone metastases at the time of diagnosis. Furthermore, the patients involved in the present study commonly exhibited metastases in other organs. ER-β-positive expression, adenocarcinoma and single bone metastasis were independent prognostic factors for the majority of patients, and may be used as prognostic indicators to assess the OS of NSCLC patients with bone metastases at the time of diagnosis. Due to the poor prognosis of such patients, additional studies regarding ER-β expression and the efficacy of hormonal therapy are required.
